VOL. 68, NO. 2, AprIL 2015
Epidural anesthesia for SCS were included in the case series. The Institutional Review Board of our hospital approved the study protocol. All patients had previously undergone a successful SCS trial with percutaneous electrodes for more than 3 days. A successful trial of SCS was defined as pain reduction or the satisfaction rate ≥ 50% with evidence of increased activities. The percutaneous trial leads were removed and discarded regardless of the success of the trial.
Written informed consent was obtained from each patient the day before the permanent lead and the generator was placed. Electrocardiogram, blood pressure and peripheral oxygen saturation were routinely monitored throughout the procedure in the operating room. The patient was placed in the lateral decubitus position with the spine flexed for epidural anesthesia. Two percent lidocaine was infiltrated around the needle puncture site prior to the epidural anesthesia, which was induced by epidural bolus injection at the L2-L3, L3-L4 or L4-L5 level with local anesthetic solution in volumes from 10 to 30 ml to achieve the sensory blockade of T10 or higher. The volume and dosage of local anesthetics for epidural anesthesia were decided arbitrarily by the discretion of the responsible anesthesiologist. The patient was then arranged in the supine position and checked for the anesthetic level using a blunt needle every 5 min. The patient was placed prone with a pillow under the abdomen to reduce lumbar lordosis after an appropriate sensory level of block was obtained.
After the sterile skin preparation and draping was performed, fluoroscopic anteroposterior (AP) imaging was used to identify and mark vertebral segments and pedicles of L2, L3 and L4 with a sterile marker. A 5 cm long longitudinal skin incision was made aligning the centers of L2, L3 or L4 pedicle after the incision site was checked. A 14 gauge Tuohy needle was used for the paramedian approach with C-arm fluoroscopic image. After ensuring that the needle was positioned in the epidural space, the guidewire was used to make insertion of the electrode easier. The octode electrode lead (Advanced Neuromodulation System, Planco, TX, USA) was carefully advanced through the needle to one vertebral level above to the target placement, and then the lead placement was determined by the patient response during intraoperative stimulation. Successful stimulation was defined as paresthesia development in the patient's pain distribution area as in the trial stimulation. Fluoroscopic images in both AP and lateral views were taken after determining the placement of the lead. If a second lead was required, the second epidural needle was inserted inferior to the first needle. The second lead was positioned after the first lead has been completely positioned. After stylet and the needle were removed under fluoroscopic guidance, the leads were meticulously anchored with a 2.0 nonabsorbable silk. Final fluoroscopic images in both AP and lateral views at the end of this process were taken to ensure that lead migration did not occur.
A small incision was made in the flank below rib 12 for the exit of the lead, and then a tunnel was made in the deep subcutaneous fat by using a tunneling tool from the back incision. The lead was pulled out towards the flank incision through the passing straw. After irrigation of the lumbar incision area with a mixed solution of normal saline and antibiotic, it was closed and dressed.
After the patient was placed in the left semilateral position, sterile skin preparation and draping were performed again for the implantation of the generator in the left abdomen. A transverse incision about 5 cm long was made along the previously marked line in the left lower abdominal region just below the umbilicus level and subcutaneous pocket was created caudal to the incision. It was tunneled subcutaneously between the abdominal pocket site and the flank incision site. The lead was pulled through the passing straw. The integrity of the system was checked and the generator was positioned. The pocket site was irrigated with a mixed solution of normal saline and antibiotic, and sutured. Appropriate dressings covered all the wounds. The SCS was turned on and tested again to ensure adequate coverage of all painful areas after the patient had been completely recovered from epidural anesthesia. SCS parameters were recorded and compared at the trial (T0), permanent implant (T1) and postoperative stimulation 3 days after surgery (T2). The pain intensity was evaluated with a visual analogue scale (VAS) of 0 to 10 (where 0 means nothing and 10 represents the worst condition imaginable) before and after the permanent SCS implantation.
Twenty-three patients underwent epidural anesthesia for permanent SCS implantation (Table 1) . Epidural anesthesia was sufficient to perform the implantation of the lead and generator in 22 patients without interference with the intraoperative test stimulation. Incomplete epidural anesthesia requiring an addi- 
Epidural anesthesia for SCS tional dose of fentanyl 100 ug to control pain was experienced in one case.
There was an interval of 15.2 ± 6.7 days between the trial and permanent SCS implantation. The patients' clinical characteristics are presented in Tables 1 and 2 . The average time of the permanent SCS implantation was 126.5 ± 41.4 min. The level of sensory block was not recorded in five patients. The highest level of the sensory block was the fourth thoracic segment (9.5%) and the lowest level was tenth thoracic segment (4.8%), which provided sufficient analgesia for all SCS procedures. The epidural local anesthetics included 2% lidocaine in three patients, 0.75% ropivacaine in one patient and a mixed solution of 2% lidocaine and 0.75% ropivacaine in 19 patients. The average volume of local anesthesia was 16.4 ± 4.3 ml (range 10-30). The incidence of hypotension was 43.5% and the incidence of bradycardia was 30.4%. Hypotension and bradycardia were treated well with volume expansion, ephedrine, phenylephrine or atropine. There were no serious complications of epidural anesthesia.
All the leads were placed according to the patient's report of paresthesia coverage when stimulations of spinal cord were created under the epidural anesthesia. The electric current variables (mA) needed to reproduce paresthesias at T0, T1 and T2 were 1.87 ± 1.02, 5.27 ± 2.13 and 2.47 ± 0.86, respectively. The electrical current intensity at T1 was significantly higher than those at T0 (P < 0.001) and T2 (P < 0.001) when compared with each other (Fig. 1) . The frequency (Hz) at T0, T1 and T2 ranged from 30 to 60, and the pulse width (μs) at T0, T1 and T2 ranged from 200 to 300. All patients experienced pain improvement (Table 2) and the average pain intensity (VAS) scores were 8.6 ± 0.6 and 3.6 ± 0.6 before and after SCS implantation.
Discussion
It has been generally considered that adequate paresthesias may not be obtained if the nerve roots or the spinal cord are blocked by epidural anesthesia. However, this report demonstrates that successful epidural anesthesia in SCS implantation without disturbing perception. During the procedures, epidural anesthesia provided a satisfactory analgesic effect, with the exception of one patient who felt pain, which was controlled by intravenous fentanyl 100 ug. Hypotension and bradycardia were the most common cardiovascular changes during the epidural anesthesia for SCS, requiring careful managements of blood pressure and heart rate.
SCS can be used for a variety of anesthetic techniques including local anesthesia, local anesthesia with sedation, spinal anesthesia, epidural anesthesia, monitored anesthesia care and general anesthesia [4] . SCS is generally performed under local anesthetic infiltration with or without sedation considering intraoperative test stimulation. Local anesthesia does not prevent the patients from suffering significant discomfort and stress, and occasionally some patients have to abandon the procedures [6] . Increased administration of sedatives and analgesics in the prone position may cause airway problems and respiratory depression [7] . Excessive sedation and general anesthesia prevent the patient from responding to the distribution of paresthesias for optimal positioning of the lead [8] .
The findings of the present study correspond well with those of several previous studies. García-Pérez et al. [5] reported that epidural anesthesia is suitable for identification of paresthesia in the optimal placement of the SCS leads. Zhang et al. [4] suggested that patient's perception of paresthesias during intraoperative testing is reliable, consistent and correlates well with the postoperative stimulation. Epidural anesthesia was an effective and safe method for the placement of SCS in those studies, because it allowed the physician to promptly observe the patients' perception of electrical stimulus over the range of areas with pain, followed by inducing pain relief.
The SCS devices used in this report have two distinct features from those of mentioned in two previous studies. Eight-channel cylindrical type electrodes with the constant current system were used in this report, whereas the two prior studies used paddle type leads with constant voltage system. Eight-channel cylindrical type electrodes are less invasive than the paddle type electrodes as they do not entail resection and removal of vertebral tissue [9] . However, the paddle type electrodes have better electrical conduction properties due to larger surface contact areas and unidirectional stimulating poles, and may be associated with a lower rate of migration as compared with cylindrical type electrodes [10, 11] . Our cases demonstrate that the cylindrical type lead can also achieve sufficient paresthesia for the intraop- There was a significant difference between T0 and T1, and T1 and T2. *P < 0.001 T0 vs. T1; † P < 0.001 T1 vs. T2.
